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Abstract
Green Lean has recently emerged as an alternative strategy for organizations to pursue both
operational and sustainability excellence. The interest on this approach has rapidly risen in
both academic and industry circles. However, despite this interest, very limited research has
focused on its implementation, and no research has investigated the barriers that hinder the
success of such activity. This study investigates the Green Lean implementation barriers and
their contextual relationships and effects on the integration and deployment of this approach.
A  Systematic  Literature  Review  (SLR),  Interpretative  Structural  Modelling  and  fuzzy
Matriced’ Impacts Croise’s Multiplication Appliqée a UN Classement (MICMAC) analyzes
were  carried  out.  Fifteen  barriers  were  extracted  from  the  SLR  and  then  validated  in
consultation with industry and academic experts. The Interpretive Structural Modelling (ISM)
method was used to understand the relationship between the fifteen barriers and to develop a
hierarchical  model  of  these.  The  different  barriers  were  classified  into  ‘linkage’  and
‘dependent’ barriers by using MICMAC analysis. The results suggested that all the identified
barriers  play  an  important  role,  and hence  can  equally  act  as  a  significant  hurdle  to  the
implementation of Green Lean projects. This study can help managers and policy makers in
better understanding these barriers. Thus, they can be assisted in managing and prioritizing
barriers towards the successful implementation of Green Lean initiatives for better financial
and environmental performance.
Keywords
Green  Lean;  Barriers;  Interpretive  Structural  Modelling  (ISM);  MICMAC  analysis;
Systematic Literature Review (SLR).
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1. Introduction
Rapid  changes  in  the  business  arena,  globalization  and  increasing  concerns  for  the
environment have forced many organizations to adjust their operations and take a proactive
role in developing cleaner processes (Garza-Reyes, 2015a). At the same time, shareholders,
regulators, and consumers are all clamoring for more sustainable products and services. One
normal starting point for developing better strategies to support environmental sustainability
is to explore currently used best practices and how they can be adapted and implemented to
meet sustainability requirements. 
Recently, several studies have demonstrated that Lean can be a major part of the sustainability
answer  (Cherrafi  et  al.,  2016a).  As  a  consequence,  the  integration  of  Lean  and  Green
initiatives  has  emerged  as  an  operational  strategy  to  help  organizations  improve  their
sustainability  performance,  while  still  achieving  their  economic  objectives  (Garza-Reyes,
2015b). In this line, the concurrent use of Lean and Green, also known as Green Lean, as a
catalyst to reduce the negative environmental effects of operations and processes has recently
taken relevance in the academic literature (Verrier et al., 2016). For example, Garza-Reyes
(2015b) conducted a systematic literature review (SLR) to identify and define the research
streams in which scholars have focused on within the area of Green Lean. In this case, Garza-
Reyes (2015b) identified six research lines related to (1) the compatibility between Lean and
Green, (2) their integration, (3) the integration of Green Lean with other approaches (e.g. Six
Sigma, Resilience, Agile, etc.), (4) the proposal of measurement methods for Green Lean, (5)
the impact of Green Lean on various measures of performance (e.g. financial, sustainability,
operations,  etc.),  and (6)  the  application  of  Green  Lean  in  various  industrial  sectors  and
organizational  functions.  Fifty  nine  articles  published  between  1997  and  2015  were
considered for this study. In more recent Green Lean research, Sagnak and Kazancoglu (2016)
attempted the integration of Green Lean with Six Sigma to address the limitation of Green
Lean and assess its  performance.  Similarly,  Fercoq et  al.  (2016) conducted a  quantitative
study of  Lean/Green  integration  focused on waste  reduction  techniques  in  manufacturing
processes.  Thanki  and Thakkar  (2016) developed  a  novel  tool,  value–value  load diagram
(VVLD),  for  modelling  and  evaluating  the  operational  (lean)  and  environmental  (green)
performance  of  production  systems.  Cherrafi  et  al.  (2016b)  proposed  a  framework  that
methodically guides companies through a five stages and sixteen steps process to effectively
integrate  and  implement  the  Green,  Lean  and  Six  Sigma  approaches  to  improve  their
sustainability performance. Garza-Reyes et al. (2016) simultaneously applied Lean and Green
principles  to  improve  the  transport  operations  of  a  world  leader  logistics  organization.
Colicchia et al. (2017)  investigates how intermodal transport can be adopted for managing
supply chains according to  a  Green Lean approach.  Thanki  et  al.  (2016) investigated the
impact  of  select  Lean  and  Green  practices  on  performance  benefits  and  evaluated  the
influence of Lean and Green paradigms on the overall performance of SMEs. Cherrafi et al.
(2016a) presented a review and analysis of the literature concerning a possible model for
integrating three management systems: lean manufacturing, Six Sigma and sustainability.
It  has been recognized that organizations face challenges in the implementation of Green
Lean. However, despite the recent attention paid to the study of this approach and the various
research streams developed in this area, very limited research has been conducted to support
its effective implementation. In this case, only the works of Verrier et al. (2016) and Cherrafi
et  al.  (2017)  have  addressed  this  issue.  In  the  case  of  Verrier  et  al.  (2016),  the  authors
provided an implementation structure to a Lean and Green methodology based on the seeking
and eradication of wastes in production processes, whereas Cherrafi et al. (2017) explored the
critical success factors for implementing Green Lean Six Sigma. Therefore, to fill this research
gap and complement  and support  the  very  narrow theoretical  body of  knowledge  on the
implementation  of  Green  Lean,  this  paper  identifies  the  main  barriers  to  the  effective
implementation of Green Lean initiatives and studies their interactions and interdependence. 
Evidence  suggests  that  multiple  barriers  play  an  important  role  in  the  integration  and
implementation of Green and Lean (Cherrafi et al., 2016a; Kumar et al., 2016). In the case of
the  very  limited  research  on  Green  Lean  implementation,  this  has  recognized  the
implementation phenomenon as a risk management problem due to such barriers (Cherrafi et
al.,  2016a).  Thus,  the  challenges  related  to  the  deployment  of  Green  Lean  are  not  just
associated to the structure of the approach but also to political, managerial, behavioral and
technical factors which need to be analyzed. In this view, it is clear that these challenges are
not  only  related  to  one  domain  and  have  a  complex  nature  underpinned  by  certain
implementation barriers. Moreover, in practice, the different barriers may not have a similar
impact when implementing Green Lean initiatives, particularly, in the manufacturing industry.
Hence we argue that there is a need to investigate the barriers affecting the adoption of Green
Lean. With this, this research also contributes to the practice of Green Lean by assisting top
management  and policy  makers  in  identifying,  managing,  prioritizing  and addressing  the
barriers  that  may  impede  the  successful  implementation  of  Green  Lean.  Based  on  this
argument and the very limited body of knowledge generated in this area, the main objectives
of this research are:
1. To identify the barriers that may hinder the successful implementation of Green Lean
initiatives;
2. To  explore  and establish  the  contextual  relationships  among the  barriers  to  better
understand the different effects of the impeding factors that will stop organizations
from successfully integrating Lean and Green and implementing them concurrently.
The  original  contribution  of  this  study  is  also  justified  by  the  fact  that  it  addresses  an
emerging theme based on a structured research framework concerning an integrated Green
Lean approach. Various researchers have separately investigated the barriers to implement
Green and Lean. In this context, Garza-Reyes (2015a) suggests that when integrated, Green
Lean  will inherent the same limitations and challenges of their individual components (i.e.
Green and Lean), including those related to implementation barriers. Therefore, and since no
previous research has identified and analyzed the barriers to implement Green Lean initiatives
as an integrated approach, this study particularly focuses on investigating the implementation
barriers, and their contextual relationships, of Green Lean as an integrated approach.
The rest of the paper is organized as follows: Section 2 presents the structure of the research
approach adopted in this study. Further, Section 3describes the Systematic Literature Review
(SLR) analysis that was conducted to identify the barriers that may hinder the implementation
of Green Lean. Section 4 presents the Interpretative Structural Modelling (ISM) and fuzzy
Matriced’ Impacts Croise’s Multiplication Appliqée a un Classement (MICMAC) analyzes
carried out to establish the contextual relationships among the Green Lean barriers. The key
findings from these analyzes are discussed in Section 5. Section 6 discusses some potential
actions that organizations may consider to overcome the barriers identified, whereas Section 7
provides the conclusions, limitations and future research directions derived from this research.
2. Research Approach
Fig. 1 presents a conceptual map of the overall structure of the research followed in this study
to address the two research objectives formulated and stated in Section 1, and the sections of
the article where  the components of the research (i.e. research objectives, method and stages)
are presented. As illustrated in Fig. 1, the barriers to the effective implementation of Green
Lean  (i.e.  Research  Objective  1)  were  identified and established by following a  research
method  based  on  a  systematic  review  of  the  academic  literature  while  the  contextual
relationships  among  the  barriers  (i.e.  Research  Objective  2)  were  investigated  with  the
support of the Interpretive Structural Modelling (ISM) method. 
Fig. 1. Conceptual illustration of the structure of this research.
3. Identification of barriers - SLR
For this study, a barrier is considered a hurdle or obstacle which does not help, or restricts,
progress of organizations to achieve a successful integration and implementation of Green and
Lean. To identify these barriers, a systematic review of the existing literature was adopted due
to its precise, reproducible, explicit and rigorous approach to address research objectives and
questions (Kitchenham and Charters,  2007).  In  particular,  the  five  sequential  phases  of  a
systematic  literature  review  (SLR)  as  suggested  by  Denyer  and  Tranfield  (2009)  were
followed.  These  consisted  of:  (1)  objective/question  formulation,  (2)  locating  studies,  (3)
study selection and evaluations, (4) analysis and synthesis, and (5) reporting and using the
results. Phase one is reported in Section 1 of this paper. The rest of the phases are addressed in
the following sections. 
3.1 Locating and selecting studies 
The location of the articles was carried out by using search strings linked to the main topic of
the phenomenon under investigation. The context-intervention-mechanism-outcome (CIMO)
(Briner and Denyer, 2012) approach was followed to facilitate the exclusion/inclusion criteria
of the search strings.  Search strings included (Green) (Lean) (Green Lean) (Lean Green),
(Barriers),  (Failures),  (Obstacles),  (Challenges)  and  (Pitfalls).  These  search  strings  were
combined using Boolean operators (i.e. AND and OR) to identify further relevant papers.  This
provided focus on a specific search, which allowed the exclusions of non-relevant articles.  A
saturation point was considered to have been reached when the same articles kept re-appearing.
The  search  strings  were  input  into  electronic  databases  that  included  Elsevier
(sciencedirect.com),  Taylor  &  Francis  (T&F)  (tandfonline.com),  Emerald
(emeraldinsight.com), Springer (springerlink.com), IEEE (ieeexplore.ieee.org),  Inderscience
(inderscience.com) and Wiley (onlinelibrary.wiley.com). Other data bases such as ISI Web of
Science (wokinfo.com), EBSCO (ebscohost.com), and Google Scholar (scholar.google.com)
were also consulted to broader the search of articles and validate those already located. 
For the sake of rigor, the SLR included only peer–reviewed journal articles; conference papers
and unpublished working papers were excluded. Based on this and the established searching
criteria,  a  final  sample  of  117 articles  that  related to  Green and/or  Lean were  identified.
However, only 91 of these articles discussed their implementation barriers, and hence were
furthered considered in this study.
Although over 80% of the resulting articles identified using the aforementioned searching
criteria were related to the manufacturing sector, the localization and selection of these was
conducted ‘generically’, i.e. no specific country, industrial sector or company’s size context
was defined for  it.  The  objective  of  this  approach was to  identify  and analyze  ‘generic’
barriers that in some cases would be applicable not only to the manufacturing industry where
Green Lean has been most widely used (Garza-Reyes,  2015b) but also to  other industrial
contexts where the adoption of Green Lean can also bring benefits to concurrently enhance
financial profits and environmental performance. From this, organizations would be provided
with a wider perspective on potential barriers to successfully integrate and implement Green
Lean, but they will be able to address those that only apply to their specific context.     
3.2 Analysis and synthesis 
Various  methods  can  be  used  to  synthetize  qualitative  research  (Garza-Reyes,  2015b).
However, in this case thematic synthesis was considered as the most appropriate and efficient
method due  to  its  efficacy  and structured  way in  identifying  important  recurring  themes
(Barnett-Page and Thomas, 2009). The thematic synthesis analysis was supported with the use
of the QSR NVivo software (QSR International, 2013) and extraction forms as suggested by
Thomas and Harden (2008) and Thorpe et al. (2005). From the thematic analysis of the 91
articles  located,  15  barriers  to  the  Green Lean  implementation  were  identified;  these  are
summarized in Table 1. 
It is important to note that some of the Green Lean barriers were reviewed separately as no
prior research in this direction had been reported. However, input from industry experts and
scholars helped to modify the barriers so that they could become relevant to and suitable for
Green Lean. In addition, according to some researchers the integration of Green Lean will
inherent  the  same  limitations  and  challenges  of  their  individual  components  as  the  two
concepts share similarities (Dües et al., 2013; Garza-Reyes, 2015a, Ng et al., 2015). In an
extensive literature review on the relationship between Green and Lean, Dües et al. (2013)
studied the two concepts, and identify their differences and similarities (Fig. 2). In this study,
the following elements were found to be common: ‘waste and waste reduction techniques’,
‘people  and  organization’,  ‘lead  time  reduction’,  ‘supply  chain  relationship’,  ‘key
performance indicator (KPI): service level’, and ‘tools and practices’. They concluded that a
Lean act as a catalyst to facilitate Green implementation. In addition, the integration of Lean
and Green will lead to better performances and results for companies (Hajmohammad et al.
2013; Ng et al. 2015). Therefore, we suggest an implementation of an integrated approach to
achieve sustainability objectives.
It is challenging for organizations to remove all the barriers in the first phase of Lean and
Green  implementation.  Since  these  barriers  may  not  have  the  same  impact  on  the
implementation  of  Green  Lean,  a  further  investigation  of  these  was  determined  to  be
necessary. This directed the research to  the  exploration and establishment of the contextual
relationships among the different barriers.
Table 1
Identification and classification of barriers in Green Lean implementation.
S.no Barriers Researchers
1 Lack of environmental awareness Zhu and Sarkis (2004);  Rothenberg et  al.(2001);  Panizzolo
(1998); Zhu et al. (2007); Mudgal et al. (2010);Kumar et al.
(2013); Albliwi et al. (2014); Kumar et al. (2014);Johansson
and Sundin (2014).
2 Fear of failure Shrivastava (1995); Rao and Holt (2005); Perron (2005); et
al. (2003); Saad and Siha (2000); Anglada (2000); Revelland
Rutherfoord (2003).
3 Poor quality of human resources Govindan  et  al.  (2014);  Jabbour  and  de  Sousa  Jabbour
(2016);  Perron  (2005);  Hillary  (2000);  Rowe  and  Enticott
(1998); Thompson (2002).
4 Lack of expertise training  and 
education 
Soti  et  al.  (2010);  Govindan et  al.  (2014);  Panizzolo et  al.
(2012);  FadlyHabidin  and  MohdYusof  (2013);
Mathiyazhagan et al. (2013); Bowen et al. (2001); Carter and
Dresner (2001); Zhan et al. (2016).
5 Fund constraints Ravi and Shankar (2005); Mudgal et al. (2010); Aschehoug et
al. (2012); Kumar et al. (2015); Panwar et al. (2015), Wilson
(2010). 
6 Lack of statistical , Lean and Green 
thinking
Soti et al. (2010); Antony (2004).
7 Inappropriate identification of areas 
and activities to be ‘leaned and 
greened’ and unreliable ‘data 
collection system’
Soti et al. (2010); Simpson and Power (2005); Johansson and
Sundin (2014); Kumar et al. (2015).
8 Lack of Kaizen culture Johansson  and  Sundin  (2014);   Chaplin  and  O’Rourke
(2014); 
Kurdve et al. (2014).
9 Lack of visual and  statistical control
during Green Lean implementation 
Ellis et al. (2014); Katayama and Bennett (1996); Pattanaik
and Sharma (2009); Kumar et al. (2015); Salah et al. (2010).
10 Lack of government support to 
integrate green practices 
Al-Khidir and Zailani (2009); Greer and Bruno (1996); Porter
and Van de Linde (1995); Scupola (2003).
11 High cost Florida (1996); Wilson (2010) ; Cherrafi et al. (2016a).
12 Lack of  communication and 
cooperation between departments
Holland  and  Gibbon  (1997);  Revell  and  Rutherfoord
(2003);Shore  and  Venkatachalam (2003);Ravi  and  Shankar
(2005); Chopra and Sodhi (2004); McLaren, Head, and Yuan
(2004);  Ravi  and  Shankar  (2005);  Wu  et  al.  (2009);
Johansson and Sundin (2014); Zhan et al. (2016).
13 Lack of top management 
involvement in adopting Green lean 
initiative
Emiliani  (2010);  Thompson  (2002);  Ravi  and  Shankar
(2005);  Hillary  (2000);  Zhu  et  al.  (2007);  Kannan  et  al.
(2008); Salah et al. (2010); Kumar et al. (2015).
14 Resistance to change Waal and Counet (2009); Longinidis and Gotzamani (2009);
Amaral and Sousa (2009); Zhan et al. (2016).
15 Poor corporate culture separating 
environmental and continuous 
improvement decisions
EPA (2009); Govindan et al. (2014); Baldwin et al.  (2014);
Jabbour and de Sousa Jabbour (2016);  Dakov and Novkov
(2007); Ravi and Shankar (2005).
Fig. 2. Similarities and differences between Lean and Green concepts (Adapted from Dües et al., 2013).
  
4. Contextual relationships among barriers - ISM
As indicated in Fig. 1, the second research objective was addressed by using the ISM method
in order to  find the contextual  relationships among the  barriers identified in  the  previous
section,  and in  this  way establish  their  dominance  in  the  implementation  of  Green  Lean
initiatives.  The use of ISM in this research was inspired by the work of Mathiyazhagan et al.
(2013), who employed it in their study to investigate the barriers to implement Green Supply
Chain Management. This method and their results are presented in the following sections.
4.1. ISM method
The ISM technique is a  well-established method developed by Warfield (1974) and Sage
(1977). It has been used by researchers for understanding and analyzing interactions among
various variables which define an issue or a problem in different industries (Warfield, 1974;
Sage, 1977). ISM provides a means by which order can be imposed on the complexity of such
variables (Mandal and Deshmukh, 1994; Jharkharia and Shankar, 2004). The basic idea of
using  ISM  is  to  use  the  practical  experience  and  knowledge  of  expert  participants  to
decompose a complicated problem into a simpler context. This is achieved by constructing
several sub-systems and building a multi-level structural model. The different steps involved
in the ISM method are given as follows (Kannan et al., 2008):
 Step1: identification of variables considered for the system under study. In the present
work, the barriers to the implementation of Green Lean that were defined through the
SLR method have been treated as variables.
 Step 2: establishment of contextual relationship among identified variables.
 Step 3:  development  of  the  structural  self-interaction matrix  (SSIM) that  indicates
pairwise relationships among variables.
 Step 4: development of the reachability matrix from SSIM and check for transitivity.
The rule of transitivity states that if variable A is related to variable B and variable B is
related  to variable C, then variable A is necessarily related  to variable C.
 Step 5: development of the final reachability matrix after applying the transitivity rule.
 Step 6: partition of the reachability matrix obtained as above into various levels.
 Step 7: draw a directed graph based on the final reachability matrix and the transitivity
links are removed.
 Step 8: creation of the ISM-based model by replacing variable nodes with statements.
 Step 9:  check the  ISM model  developed in Step 8 for  theoretical  irregularity  and
necessary modifications are made.
4.2. Questionnaire development
To further analyze the identified fifteen barriers to  the effective implementation of Green
Lean, see Table 1, 13 experts from different industrial sectors were contacted by email and
direct visits. Through this initial contact they were explained the Green Lean approach and the
objectives  of  this  study.  After  frequent  emails  with  the  selected  experts,  5  accepted  to
participate in the study. In the same way, 5 academic experts in the subject were contacted,
from which 3 accepted to participate in this investigation. As a result and to further study the
barriers related to the implementation of Green Lean, a decision team of 8 members was
constituted.  The  decision  team was  comprised of  three  operations  general  managers,  one
continuous improvement manager, and one environmental manager, two University professors
specialized in Lean Six Sigma and one professor specialized in sustainable development. All
the participating industrial experts had implemented, or were in the process of, implementing
a Green Lean initiative within their organizations. In addition, all of these experts had an
experience of more than 10 years in the area of continuous improvement. One of the major
problems  faced  in  this  study  was  to  convince  these  highly  experienced  professionals  to
participate in this study.  This process took over two months.
4.3. Data collection
The ISM method is  based on the  opinions  of  experts  in  order  to  identify  the  contextual
relationships among the previously identified variables. Thus, in this research, to establish this
contextual relationships, two meetings with the experts were organized. In the first meeting,
the experts were asked to quantify the importance and relevance of the 15 barriers identified
through  the  SLR  on  a  scale  of  Low–Moderate–High.  Table  2  shows  the  results  of  this
exercise.  In  the second meeting,  the decision team of experts  analyzed and discussed the
barriers in more detail to establish the contextual relationships of ‘leads to’ type. This meant
that  one  barrier  led  to  another  barrier.  Based  on  this  principle,  a  contextual  relationship
between the barriers was developed (Kumar et al., 2016). 
Table 2
Importance of barriers in implementing Green Lean initiatives.
S.no  Barrier in implementing Green Lean Importance
1 Lack of environmental awareness High 
2 Fear of failure High
3 Poor quality of human resources High
4 Lack of expertise training  and education High
5 Fund constraints High
6 Lack of statistical , Lean and Green thinking High
7 Inappropriate  identification of areas and activities to be ‘leaned and greened’ and
unreliable ‘data collection system’
High
8 Lack of Kaizen culture High
9 Lack of visual and  statistical control during Green Lean implementation High
10 Lack of government support to integrate green practices High
11 High cost High
12 Lack of  communication and cooperation between departments Moderate 
13 Lack of top management involvement in adopting Green lean initiative High
14 Resistance to change High
15 Poor  corporate  culture  separating  environmental  and  continuous  improvement
decisions
High
4.4. SSIM development
Once that the contextual relationships of ‘leads to’ type were established, the following stage
in  the  ISM method consisted in  developing a  structural  self-interaction  matrix (SSIM) to
indicate the pairwise relationships among variables (i.e. barriers). To do this, four symbols
were used as follows to denote the direction of such relationships:
V: Barrier i influence barrier j;
A: Barrier j influence barrier i;
X: Barrier i and barrier j influence each other; and
O: Barrier i and barrier j are unrelated.
The SSIM for barriers in the implementation of Green Lean is presented in Table 3.
Table 3
SSIM of barriers in the implementation Green Lean initiatives.
S.no 15 14 13 12 11 10 9 8 7 6 5 4 3 2
1 V V A V O A O O O V A A V V
2 A X A O X A O A O A A A A
3 V X A V V A V V V V A A
4 V V A V V A V V V V A
5 V V A O X A V V O V
6 X A X O A O X X V
7 O V A A V O V A
8 O V A X O O V
9 O A A V O O
10 V V X O V
11 V V V V
12 X V A
13 V V
14 V
4.5. Initial reachability matrix formation
In this step, the SSIM is converted into a binary matrix, called “initial reachability matrix”, by
replacing V, A, X and O by 1 and 0 as per the given case. This conversion wasdone under the
following rules:
 If the (i, j) entry in the SSIM was V, then the (i, j) entry in the reachability matrix
would be 1 and (j, i) entry would be 0;
 If the (i, j) entry in the SSIM was A, then the (i, j) entry would be 0 and (j, i) entry
would be 1;
 If (i, j) value in the SSIM was X, both (i, j) value and (j, i) value would be 1;
 If (i, j) value in the SSIM was O, both (i, j) value and (j, i) value would be 0.
Following these rules, the initial reachability matrix is shown in Table 4.
Table 4
Initial reachability matrix.
S.no 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1 1 1 0 0 1 0 0 0 0 0 1 0 1 1
2 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0
3 0 1 1 0 0 1 1 1 1 0 1 1 0 1 1
4 1 1 1 1 0 1 1 1 1 0 1 1 0 1 1
5 1 1 1 1 1 1 0 1 1 0 1 0 0 1 1
6 0 1 0 0 0 1 1 1 1 0 0 0 1 0 1
7 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0
8 0 1 0 0 0 1 1 1 1 0 0 1 0 1 0
9 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0
10 1 1 1 1 1 0 0 0 0 1 1 0 1 1 1
11 0 1 0 0 1 1 0 0 0 0 1 1 1 1 1
12 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1
13 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1
14 0 1 1 0 0 1 1 0 1 0 0 0 0 1 1
15 0 1 0 0 0 1 0 0 0 0 0 1 0 0 1
4.6. Final reachability matrix formation
After developing the initial reachability matrix, the next step in the ISM method is to develop
a final reachability matrix by applying a transitivity rule (Kannan et al., 2008). In this case,
the final reachability matrix for the Green Lean implementation barriers, shown in Table 5,
was obtained from the initial reachability by incorporating the transitivity rule, as indicated in
by Kannan et al. (2008).
Table 5
Final reachability matrix.
S.no 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1
6 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 0 1 0 0 1 1 1 0 1 0 1 1 1 1 1
8 0 1 0 0 0 1 1 1 1 0 1 1 1 1 1
9 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 0 1 1 0 0 1 1 1 1 0 1 1 0 1 1
13 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1
14 0 1 1 0 0 1 1 1 1 0 1 1 1 1 1
15 0 1 0 0 0 1 1 1 1 0 1 1 1 1 1
4.7. Level partitions
From the final reachability matrix, see Table 5, the reachability set and antecedent set for
every barrier were found (Warfield, 1974). The reachability set included the barrier itself and
the other barriers, which it may help to achieve. Similarly, the antecedent set consisted of the
barrier itself and the other barriers, which may help in achieving them. The barrier for which
reachability and intersection sets are the same is given by the top-level barrier in the ISM
hierarchy. This iteration was continued until the levels of each variable were obtained, see
Table 6. These levels helped in building the digraph and the final interpretative structural
model.
Table 6
Level partitions for barriers.
S.no Reachability set Antecedent set Intersection set Level
1 1,2,3,4,5,6,7,8,9,10,11,12,13,14,1
5
1,2,4,5,10,11,13 1,2,4,5,10,11,13 5
2 1,2,3,4,5,6,7,8,9,10,11,12,13,14,1
5
1,2,3,4,5,6,7,8, 
10,11,12,13,14,15
1,2,3,4,5,6,7,8,10,11,12,13,1
4,15
2
3 2,3, 5,6,7,8,9, 11,12,13,14,15 1,2,3,4,5,6, 
10,11,12,13,14
2,3,5,6,11, 12,13,14 3
4 1,2,3,4,5,6,7,8,9 ,11,12,13,14,15 1,2, 4,5,6, 10,11, 13 1,2, 4,5,6,11, 13 4
5 1,2,3,4,5,6,7,8,9 ,11,12,13,14,15 1,2,3,4,5,6,7, 10,11, 13 1,2,3,4,5,6,7, 11, 13 3
6 2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,
12,13,14,15
2,3,4,5,6,7,8,9,10,11,12,13,1
4,15
1
7 2, 5,6,7, 9,11,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,
12,13,14,15
2, 5,6,7, 9,11,12,13,14,15 1
8 2, 6,7,8,9, 11,12,13,14,15 1,2,3,4,5,6, 
8,9,10,11,12,13,14,15
2, 6 ,8,9, 11,12,13,14,15 2
9 6,7,8,9, 12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,
12,13,14,15
6,7,8,9, 12,13,14,15 1
10 1,2,3,4,5,6,7,8,9,10,11,12,13,14,1
5
1,2, 6, 10,11, 13 1,2, 6, 10,11, 13 5
11 1,2,3,4,5,6,7,8,9,10,11,12,13,14,1
5
1,2,3,4,5,6,7,8, 
10,11,12, 14,15
1,2,3,4,5,6,7,8, 10,11,12, 
14,15
2
12 2,3, 6,7,8,9, 11,12,13, 15 1,2,3,4,5,6,7,8,9,10,11,
12,13,14,15
2,3, 6,7,8,9, 11,12,13, 15 1
13 1,2,3,4,5,6,7,8,9,10,12,13,14,15 1,3,4,5,6,7,8,9,10,11, 
13,14,15
1,3,4,5,6,7,8,9,10, 13,14,15 3
14 2,3,6,7,8,9, 11,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,
12,13,14,15
2,3,6,7,8,9, 11,12,13,14,15 1
15 2, 6,7,8,9 ,11,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,
12,13,14,15
2, 6,7,8,9 ,11,12,13,14,15 1
4.8. Formation of ISM-based model
From the final reachability matrix, the structural model was generated, this is shown in Fig. 3.
If there was a relationship between the barriers j and i, this was shown by an arrow pointing
from i to j. The resulting graph is called a “directed graph” or “digraph”. After removing the
transitivities as described in the ISM method (Kannan et al.,  2008),  the digraph was then
finally converted into the ISM model.
Fig. 3. ISM-based model for barriers to the effective implementation of Green Lean initiatives.
4.9. MICMAC analysis
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The  objective  of  the  fuzzy  Matriced’  Impacts  Croise’s  Multiplication  Appliqée  a  UN
Classement  (MICMAC) analysis  is  to  investigate  the  driving  power  and  the  dependence
power of variables (Ravi and Shankar, 2005). This analysis was done on the basis of obtained
driving and dependence powers of the barriers under study. According to Kumar et al. (2016),
driving power is determined “by summing the entries of the possibilities of interactions in the
rows”  and  the  dependence  “is  calculated  by  summing  the  entries  of  possibilities  of
interactions in the columns”. The driving power of each variable is the variable impacting the
other variable, and the dependence power of each variable is the variable impacted by the
other variables. Table 7 shows the driver power and dependence power of different barriers
for further utilization in the MICMAC study. The driver power-dependence diagram is shown
in Fig. 4.Based on their drive power and dependence power, the barriers were classified into
four clusters (i.e. categories) as follows:
1. Autonomous  barriers:  These  barriers  had  a  weak driving  and a  weak  dependence
power.  These  barriers  were  represented  in  cluster  I.  There  was  no  barrier  in  this
category.
2. Dependent  barriers:  These  barriers  had  a  weak  driver  potential,  but  a  strong
dependence. These barriers were represented in cluster II. There was no barrier in this
category.
3. Linkage  barriers:  These  barriers  had  a  strong  driver  power  as  well  as  a  strong
dependence. These barriers were represented in cluster III. Here we found ‘Fear of
failure’,  ‘Poor  quality  of  human  resources’,  ‘Lack  of  expertise  training   and
education’,  ‘Fund  constraints’,  ‘Lack  of  statistical,  Lean  and  Green  thinking’,
‘Inappropriate  identification of areas and activities to  be ‘leaned and greened’ and
unreliable  ‘data  collection system’’,  ‘Lack of  Kaizen culture’,  ‘Lack of visual  and
statistical  control  during  Green  Lean  implementation’,  ‘High  cost’,  ‘Lack  of
communication  and  cooperation  between  departments’,  ‘Lack  of  top  management
involvement  in  adopting  Green  Lean  initiative’,  ‘Resistance  to  change’ and ‘Poor
corporate culture separating environmental and continuous improvement decisions’ as
linkage barriers in our study.
4. Independent  barriers:  These  barriers  had  a  strong  driving  power  but  a  weak
dependence  power.  These  barriers  were  represented  in  cluster  IV.  ‘Lack  of
environmental  awareness  ’and  ‘lack  of  government  support  to  integrate  green
practices’ were classified in this category.
It  is  important  to  indicate  that  this  classification  of  barriers  to  the  effective  Green  Lean
implementation is a first step to assist organizations in identifying the role of each barrier and,
especially, which barriers’ category impact or is impacted by other categories. According to
the results of the ISM analysis, the independent barriers’ category will lead to the linkage
barriers’ category,  and these  two categories  will  lead to  the  dependent  barriers’ category,
resulting in an obstruction to the successful implementation of Green Lean initiatives.
Table 7
Driving power and dependence power.
S.no 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
3 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1 12
4 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 14
5 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 14
6 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 14
7 0 1 0 0 1 1 1 0 1 0 1 1 1 1 1 10
8 0 1 0 0 0 1 1 1 1 0 1 1 1 1 1 11
9 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1 9
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
12 0 1 1 0 0 1 1 1 1 0 1 1 0 1 1 10
13 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 15
14 0 1 1 0 0 1 1 1 1 0 1 1 1 1 1 11
15 0 1 0 0 0 1 1 1 1 0 1 1 1 1 1 10
7 15 12 8 10 15 15 14 15 6 14 15 15 15 15
Fig. 4.MICMAC analysis of barriers in Green Lean implementation.
5. Discussions of findings
Sustainability  has  received an  increasing  interest  in  both  scholarly  research  and industry
circles  (Seuring  and Mueller,  2008).  Stakeholders  are  aware  that  without  stewarding our
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planet's natural resources, human civilization is on the way towards a catastrophic breakdown.
In  this  context,  Green  Lean  is  proposed  to  have  a  strategic  importance  to  help  various
industries,  and  specially  the  manufacturing  sector,  to  be  more  sustainable  (EPA,  2009).
However, the integration and hence concurrent implementation of Green and Lean is not an
easy task as many impeding barriers may arise during Green Lean projects (Cherrafi et al.,
2016a; Kumar et al., 2016). Without studying these barriers, organizations cannot initiate and
guarantee an effective implementation of Green Lean in their operations and processes. In the
present study,  vital  barriers hindering the implementation of Green Lean were determined
through a systematic review of the academic literature. These barriers were further analyzed
through a consultation with industry and academic experts and through an ISM analysis to
investigate their interactions. 
This study aimed at gaining and providing knowledge in relation to the barriers that may
hinder  the  effective  implementation  of  Green  Lean  as  an  initial  step  to  achieve  their
elimination or reduce their intensity so that the implementation of Green Lean becomes an
easier practice. Some of the major findings of this study are discussed below.
 ‘Lack of environmental awareness’ and ‘lack of government support to integrate green
practices’  were  determined  to  be  key  barriers  in  Green  Lean  implementation.
According to a study conducted by Gadenne et al. (2009) on environmental awareness
and practices, the implementation of environmental practices is influenced by existing
and potential stakeholder groups, including the government. Government campaigns
and promotional advertising can help organizations to be more aware of the benefits
associated to environmental practices. It has been reported that despite organizations
having green attitudes, the level of implementation of environmental practices is low
due to their little awareness of the benefits that might arise from cost reductions from
their green practices. This is consistent with the findings from previous studies which
have  shown  a  positive  relationship  between  environmental  awareness  and
environmental  practices  (Peters  and  Turner,  2002;  Williamson  and  Lynch-Wood,
2001). In addition, some studies have found that a lack of awareness impact on the
environment may hinder the implementation of an environmental management system
(Gerrans and Hutchinson, 2000).In addition, due to the lack of government support to
adopt Green and Lean practices, many organizations are not motivated towards Green
Lean  initiatives  without  external  pressure  (Lee  et  al.,  2014).  Government  support,
especially  in  terms of technical  assistance,  has shown its  positive impact  in  many
developed  countries.  For  instance,  a  pilot  project  to  implement  Green  Lean  was
conducted by the Washington State  Department of Ecology’s (Ecology) Hazardous
Waste  and  Toxics  Reduction  Program  in  collaboration  with  Washington
Manufacturing Services (WMS). This project greatly supported organizations to be
more competitive and environmentally sustainable (Washington State Department of
Ecology, 2008). Also, in 2010 a “Lean and Green Project” was initiated by the Alsace
Region of France and coordinated by the Economic Development Agency of the Bas-
Rhin.  The  project  helped  many  organizations  to  simultaneously  improve  their
operational and environmental performances by the association of lean manufacturing
and sustainable development (Verrier et al., 2014; Verrier et al., 2016). The success of
these  projects  demonstrate  that  efforts  to  offer  and  promote  concurrent  lean  and
environment projects  can help organizations to  achieve impressive operational  and
environmental results.
 The result of the MICMAC analysis indicated that there are not autonomous barriers.
The  absence  of  such barriers  in  the  present  study  confirms that  all  the  identified
barriers play an important role. Hence, the existence of any of the established barriers
in this study can act as a significant hurdle to implement Green Lean projects.
 The results of the study suggest that some of the crucial barriers that hinder Green
Lean implementation are related to the human category. This category includes ‘lack
of expertise training and education’, ‘lack of top management involvement in adopting
Green Lean initiative’ and ‘poor quality of human resources’. It is clear that a skilled
human capital is a key element for developing a conductive environment which helps
organizations to implement Green Lean. Moreover, research has demonstrated that the
lack  of  involvement  of  human  resources  into  Green  Lean  projects  can  decrease
opportunities for realizing more sustainable benefits (EPA, 2009; Washington State
Department  of  Ecology,  2008).  This  is  in  line  with  Cherrafi  et  al.  (2016a),  who
conducted an extensive literature review about the integration of Lean and Green, and
concluded that most of the research has dealt with soft (i.e. human) rather than hard
elements  (i.e.  technical)  aspects.  Soft  elements  are  extremely  important,  are  more
regenerative, and they provide an enduring competitive advantage (Allen and Peter,
2009). However, they are hard to replicate.
 In the financial category, there were two barriers, namely: ‘fund constraints’ and ‘high
cost’. To initiate Green Lean, sufficient and efficient funds allocations are important
factors. Financial constraints and high costs are widely recognized in the academic
literature as significant barriers to the implementation of any initiative  (Jadhav et al.,
2014; Aboelmaged, 2011). Thus,  the results of this study are in line with common
research findings widely reported in the academic literature. Fund constraints include
essentially  non-availability  of bank loans to  encourage organizations to  implement
Green initiatives due to poor policies and lack of regulations.
 Technical, behavioral and managerial aspects are also challenging factors, which need
to  be  removed,  such  as  ‘fear  of  failure’,  ‘resistance  to  change’  and  ‘lack  of
communication  and cooperation  between  departments’.  Moreover,  ‘lack  of  Kaizen
culture’,  ‘poor  corporate  culture  separating  environmental  and  continuous
improvement decisions’ and ‘inappropriate identification of areas and activities to be
‘leaned  and  greened’  and  unreliable  data  collection  system’  can  cause  several
problems.  According  to  a  study  conducted  by  Washington  State  Department  of
Ecology (2008), these barriers have been all ranked among the challenges during the
course of their projects to implement Green Lean.
6. Removal of Green Lean barriers
In this section, some general actions are suggested to mitigate/eliminate the identified barriers
to implement Lean and Green for a superior operational and sustainability performance.
Barriers’ mitigation action  1 –  lack of  environmental  awareness and lack of  government
support to organizations can be overcome by developing a green economy (Loiseau et al.,
2016). Fig. 5 shows the vision, mission and strategy towards a green economy, which can
positively affect the Green Lean implementation.
Vision: 
 Improvement of human well-being and social equity.
 Reduction of environmental risks and impacts.
 Resource efficient, low carbon, socially inclusive.
Mission: 
 Optimization of resources allocation, increase benefits, 
and achieve environmental compatibility.
 Maximization of economic benefits while protecting 
the environment and conserving resources.
Strategies: 
 Implementation of national sustainable policy.
 Economic incentive and price support.
 Promote integrationand sharing of best practices.
 Construction of agency to provide technical support to 
organizations.
Vision
Mission
Fig. 5. Green Economy-based conceptual model to promote Green Lean implementation.
•  Barriers’ mitigation action 2  –A successful implementation of Green Lean initiative will
require training (Cherrafi et al, 2017). It is important to promote education and training for the
top management in order to ensure their commitment in the implementation of Green Lean
initiatives. Organizations can use a variety of strategies to build their internal capability to
implement  Green  Lean  initiatives.  One  strategy  is  to  collaborate  with  non-profit
organizations, academic institutions and local governments to find funding opportunities, to
obtain  free  technical  assistance  and  to  develop  training  courses.  This  strategy  will  help
organizations  to  reduce  their  costs  in  engaging with  an  external  consulting  firm to  gain
technical  assistance  for  improving  their  employees’ skills  and  knowledge.  Governmental
organizations such as US Environmental Protection Agency (EPA) has developed toolkits and
guides  to  provide  help  to  organizations  to  reduce  waste,  become  more  sustainable  and
improve their economic, social and environmental performance (http://www.epa.gov/Lean/).
These agencies may also offer training courses and have downloadable resources on their
websites.  Academic  institutions can also  help organizations in  various ways to  start  their
projects, e.g.by providing training on techniques and tools on Green and Lean, or by creating
students’ internships, supported by academic experts, in this area. This action can contribute
to remove technical, behavioral and managerial barriers such as ‘lack of expertise training and
education’, ‘lack of top management involvement in adopting Green lean initiative’, ‘poor
quality of human resources’ and ‘lack of Kaizen culture’.
• Barriers’ mitigation action 3– Removal of the barriers related to ‘fund constraints’ and ‘high
cost’ can be overcome by the establishment of sufficient financial institutions so that credit
access becomes simpler for organizations which desire to implement Green Lean. Favorable
government policies and strong political commitment will insure banks in relation to potential
risk involved in lending these funds to organizations.
Strategy
• Barriers’ mitigation action 4– ‘Lack of statistical, Lean and Green thinking’, ‘inappropriate
identification of areas and activities to be ‘leaned and greened’ and unreliable ‘data collection
system’’ and ‘lack of visual and statistical control during Green Lean implementation’ can be
overcome by the  appropriate  implementation  of  visual/statistical  control  and performance
measurement  systems.  This  will  allow  organizations  to  identify  problems  in  processes,
evaluate the effectiveness of action plans, and monitor progress towards the goals. The other
technical,  behavioral  and  managerial  barriers  can  be  tackled  by  getting  the right
people and putting them  in  the right place.  This  action  will  aid  organizations  in  defining,
identifying, analyzing problems and improve sustainable performance.  
7. Concluding Remarks, Limitations and Future Research
This study investigates the barriers that hinder the successful integration and implementation
of Green Lean and establishes their contextual relationship to better understand the different
effects  of  these  impeding  factors  on  the  implementation  of  this  approach.  To  do  this,  a
systematic review of the academic literature (Denyer and Tranfield, 2009; Kitchenham and
Charters, 2007) was conducted as a first methodological step to define the barriers that can
stop  organizations  from effectively  adopting  Green  Lean.  Following  this  method,  fifteen
barriers  were  identified  and  then  analyzed,  using  the  Interpretive  Structural  Modelling
(Kannan et  al.,  2008;  Jharkharia  and Shankar  2004) method,  to  determine  the  contextual
relationships among these barriers and develop a  hierarchy structural  model.  The barriers
were classified into linkage and dependent barriers through a MICMAC analysis. As a result,
thirteen barriers were classified as ‘linkage’, two barriers were determined to be ‘dependent’
barriers, whereas no barrier was identified as ‘driver’ or ‘autonomous’. Thus, the result of the
MICMAC analysis indicated that all the identified barriers play an important role, and hence
can equally act as a significant hurdle to the implementation of Green Lean projects.
This  research  is  therefore  among  the  very  first  studies  that  have  focused  on  the
implementation of Lean and Green as an integrated approach and on the study of the barriers
for its successful implementation. For this reason, this study fills a research gap as previously
highlighted in Section 1 and extends our knowledge by:
 Defining the barriers that will play a vital and hindering role in the implementation of
Green Lean;
 Providing detail  and deeper  knowledge  and understanding about  these  barriers  by
establishing their contextual relationships and specific effect on the implementation of
Green Lean; 
 Helping  us  to  understand  the  complexity  of  the  Green  Lean  integration  and
implementation.
These contributions do not only advance the theoretical knowledge of the Green Lean field
but they are also beneficial for organizations, especially manufacturing companies, which aim
to effectively deploy Green Lean in their processes to improve both their operational and
sustainability performances. In this case, the results of this study, and in particular the ISM-
based model developed through this research, can be used by managers and practitioners to
prioritize the barriers and take corrective steps to remove them. This research will also help
them to orient their efforts in the right direction towards a sustainable development. Thus, this
research contributes to the practice of Lean Green by assisting top management in identifying,
managing,  prioritizing  and  addressing  the  barriers  that  may  impede  the  successful
implementation of Green Lean. This will also benefit policy makers by facilitating them the
formulation  of  better  and  more  effective  policies  that  support  organizations  in  their
sustainability journeys.
Due to the ‘generic’ contextual scope in the definition and analysis of barriers undertaken in
this study, see Section 3.1, and the wide applicability of Green Lean principles, other sectors
besides manufacturing, e.g.,  services, healthcare, logistics and transport,  among others, are
also likely to benefit from this study. All these sectors are under constant pressure to operate
more  sustainably  and  ‘greening’ their  products,  services,  operations  and  processes.  This
research provides them with this  opportunity.  Further research,  however,  can be aimed at
identifying and analyzing specific barriers, taking into consideration country, industrial sector
and company’s size factors.   
This  research  presented  some  limitations.  First,  the  developed  model  was  based  on  the
judgments of  the experts.  Opinions of  the experts  may be biased.  Second,  the study was
conducted  ‘generically’.  Although  it  expected  that  the  findings  may  have  wider  general
applicability,  further studies in different industrial  domains,  countries and companies’ size
context should be undertaken to validate the proposed model. For those contexts, particular
barriers may be added or/and removed as needed. Finally, in the present paper, 15 barriers to
implement Green Lean were identified, but in the future, with the growing literature in this
field, the list can be extended by including some other new contemporary barriers that may
arise from rapid organizational and technological developments. 
Overall, the paper provides some insight into the implementation of Green Lean, encouraging
in this way its application. For this reason, it provides trustworthy evidence for industrialists
of the barriers that may hinder the implementation of this approach. Therefore, empirically
validating the barriers identified and statistically testing the ISM-model proposed are part of
the  future  research  agenda  derived  from  this  research.  The  proposed  ISM-based  model
provides a realistic representation of the problem in the course of Green Lean implementation.
However, this model requires to be statistically validated. To validate this model, the use of
Structural Equation Modelling (SEM) is recommended to take this research forward. The use
of SEM in the field of lean is well documented in the academic literature (Belekoukias et al.,
2014).  In  this  case,  it  will  provide  a  robust  method not  only  to  validate  the  ISM-model
proposed but also the results obtained from this research.
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